The future of any population is children. Resource limited settings with a high prevalence of HIV infection notably also have an excessive burden of malnutrition. The advances in prevention of mother to child HIV transmission programmes have led to very effective combination antiretroviral regimens resulting in growing numbers of HIV exposed but uninfected children. The mortality of HIV exposed but uninfected children below 5 years is high in resource limited settings. It is also important to pay particular attention to their longitudinal growth and neurodevelopmental outcomes. In these settings, the contribution of feeding practices, choice of complementary foods and micronutrient deficiencies, to health outcomes of HIV exposed uninfected children are not clearly defined. This review highlights some gaps in research that need to be addressed in areas with increasing numbers of HIV exposed but uninfected children. Interventions to reduce mortality, improve growth and neurodevelopmental outcomes in HIV exposed uninfected children from resource limited areas should be prioritized.
Introduction
Resource limited settings with a high prevalence of human immunodeficiency virus (HIV) infection notably also have an excessive burden of under-nutrition resulting from reduced food intake and repeated infectious diseases [1] [2] . The advances in mother-to-child prevention of HIV transmission (PMTCT) programmes have led to very effective combination antiretroviral regimens resulting in growing numbers of HIV exposed but uninfected (HEU) children in these settings. Most of these children reside in Sub-Saharan Africa as almost 90% of HIV infected individuals live in this region [2] . Research has clearly shown that HIV infected children experience poor growth [3] [4] , poor neurocognitive outcomes [5] and have higher mortality [6] compared to HIV unexposed uninfected children. In the developed countries it seems that the growth of HEU children is similar to that of HIV unexposed children [7] . However, there is limited research regarding nutritional, neurocognitive and mortality outcomes in the HEU children residing in resource limited settings especially Sub-Saharan Africa [3] . Undernutrition is a major contributor to under-five mortality globally. Underweight trends are increasing in Sub-Saharan Africa with figures estimated to reach 43 million by 2015 [1] . Of the world's under five children, 165 million were reported as stunted whilst 8 million had wasting in 2012 [8] . Under five mortality is highest in Sub-Saharan Africa and Southern Asia. Nearly half the world's under five deaths were concentrated in Sub-Saharan Africa in 2012 with 98 deaths per 1000 [9] . The leading causes of death in children below 5 years excluding neonatal deaths are pneumonia and diarrhoea. Under-nutrition and HIV/AIDS are important under lying factors in most of these deaths in Sub-Saharan Africa. HIV exposed children who are uninfected also suffer from an increased burden of under-nutrition [10] , neurocognitive dysfunction [11] as well as high mortality [12] making it essential for researchers in resource limited areas to pay attention to their health outcomes. This review highlights some gaps in research that need to be addressed in areas with increasing numbers of HEU children to improve their quality of life.
Growth and HIV Exposed Uninfected Children
The hallmark of under-nutrition is growth failure. In low income communities under-nutrition results from multiple factors including suboptimal infant feeding practices, poor quality of complementary foods, frequent infections and micronutrient deficiencies [13] . High levels of stunting, wasting and underweight have been reported in the postnatal period in children from areas with increased burden of HIV infection. Under-nutrition occurs more frequently in HIV infected children [4] [14]- [16] but it has also been noted to occur in HIV exposed but uninfected children [10] . Some researchers in resource limited settings have reported early occurrence of undernutrition before age three months in both HIV infected and HIV exposed uninfected children [17] while other researchers have reported later occurrence of under-nutrition after six months of age [18] . Maternal HIV infection is associated with underweight [19] in HIV exposed uninfected children. Multiple factors have been associated with occurrence of under-nutrition in children during the postnatal period. These include socio-demographic, environmental and immunological factors [15] [17]- [20] in settings with a high burden of HIV infection. Infant and young child feeding controversies in the context of HIV infection in resource limited areas have negatively affected the growth and developmental outcomes of HIV exposed uninfected children. Early weaning has been associated with poor growth and stunting [10] [21] [22] . In addition, exposure to antiretroviral drugs in utero has been associated with reduced birth weights [23] - [25] in HIV exposed uninfected children in some studies but does not seem to impair postnatal growth in these children [25] [26] . Early growth of HIV exposed uninfected children may be slower than unexposed children and this may be associated with primiparity, low maternal weight gain during pregnancy and subclinical mastitis [27] in resource limited settings. However, in the developed world these children demonstrate accelerated postnatal growth velocity [7] and catch up growth between 1 and 2 years of age [28] . Children residing in HIV affected households have been reported to have an increased prevalence of stunting [29] which represent chronic malnutrition probably due to poor food security in the household and increased exposure to opportunistic infections [30] . Under-nutrition is associated with several micronutrient deficiencies [31] [32] including iron, zinc and selenium deficiency. Poor micronutrient intake has been documented in HIV exposed uninfected children weaned early at 6 months in resource limited settings [33] . Research has shown that supplementation of these micronutrients is beneficial in all children [34] - [39] . Hence, identification and treatment of micronutrient deficiencies is important.
Nutrition and Neurodevelopment in Children
Children living in resource limited setting are vulnerable to poor neurodevelopmental outcomes [13] . Causes in-clude under-nutrition, infectious disease such as HIV, cerebral malaria, tuberculosis, low birth weight, birth trauma, genetic disorders and poverty [13] . Under-nutrition is prevalent resulting in irreversible physical and neurological damage. Studies suggest that stunting and wasting mediate the effect of environmental risk and neurodevelopmental outcome in children living in resource constrained settings [40] [41] . Of note, under-nutrition in women of child bearing age, especially pregnant women, predisposes to low birth weight which further increases the risk for neuro-disability and mortality [42] .
Micronutrients and Cognitive Development
Micronutrient deficiencies such as iron, iodine, zinc, selenium and n-3 fatty acids also affect central nervous system development through various patho-physiological mechanisms. Iron is an essential nutrient for all body tissues and is present in the brain of the developing fetus, where it is needed for proper formation of neural tissue [43] and development of brain cells [44] . Iron deficiency, a common form of nutritional deficiency, results from long-term imbalance caused by an inadequate dietary iron intake; poor iron absorption or utilization; increased iron requirements for growth during childhood or chronic blood losses. In the later stages of iron depletion, the haemoglobin concentration decreases, resulting in iron deficiency anaemia [45] .
HIV and Neurodevelopment
Sub-Saharan Africa has the highest burden of children infected with HIV infection [46] as shown in Figure 1 [47] . Information on the effect of HIV infection on neurodevelopment among children living in developing countries is limited due to under reporting. The relationship between HIV infection and neurodevelopmental outcomes in infancy is determined by maternal and infant host factors both of which also influence HIV disease onset and severity. HIV encephalopathy, as characterized by the deterioration of cognitive, motor and behavioral function has been described in infants as young as three months of age [48] . Early in the HIV epidemic, arrested progressive HIV encephalopathy was associated with residual neurological and cognitive impairment [49] . The risk for neurodevelopmental impairment was higher among infants infected with HIV at the age 3 months in a study of infants enrolled in a prevention of mother-to-child transmission of HIV programme [50] . It is envisaged that with the uptake of World Health Organization (WHO) HIV paediatric combined antiretroviral guidelines [51] , where all infants are started on therapy regardless of disease stage, few children will manifest motor or cognitive deficits as a result of HIV infection. In countries with high adult HIV prevalence, up to 30% of infants may be HIV exposed uninfected, but the effect of maternal HIV on the child's neurodevelopment remains unknown. Of note, is the lack of information on the cognitive outcome of African children exposed to, but uninfected with HIV [52] . The number of this sub-population of children is anticipated to rise as availability of more efficacious antiretroviral therapy for PMTCT programmes becomes more available. A review of studies from 2000-2010 suggested HIV-infected and HIV-exposed-uninfected children in resource-poor settings demonstrate greater neurodevelopmental delay compared with HIV-unexposed children [11] . Emphasis should be placed on the counseling of pregnant mothers to participate in PMTCT services. In resource limited areas, the promotion 
Nutritional Challenges and Mortality in HIV Exposed Uninfected Children
Global determinants of under-five mortality are national income and water/sanitation facilities [53] . Policies initiated in many countries addressing these issues have resulted in a decline in the under 5 mortality rates [54] . However, in areas of high HIV prevalence improvement of gross domestic product have not resulted in a clear decline of under-five mortality particularly in sub Saharan Africa. HIV/AIDS is associated with nutritional deficiencies in infected children and poor nutrition affects disease progression and reduces survival of HIV infected people [4] . HIV exposed children who are uninfected also suffer from high mortality [55] - [57] . Several factors have been suggested including feeding patterns, opportunistic infections and immune deficiencies [58] .
Severe Acute Malnutrition and Mortality
Severe acute malnutrition (SAM) in children is defined anthropometrically by the WHO as weight for height −3SD below the mean, or a mid-upper arm circumference of less than 11.5 cm in children aged 6 months to 5 years old [50] . The clinical presentation of SAM includes severe wasting (marasmus), nutritional oedema (Kwashiorkor), or a mixed picture [59] . Complicated SAM is associated with biochemical abnormalities, micronutrient deficiencies, and concurrent infections which lead to a high mortality. In-patient care and hospitalization is recommended by the WHO for the management of the severe acutely malnourished child with complications including hypothermia, hypoglycaemia, electrolyte imbalance, micronutrient deficiencies, diarrhoea and severe bacterial infections. In Zambia in 2009, 430 children aged 6 to 59 months with complicated SAM admitted to a tertiary hospital were followed up. The majority of the children presented with diarrhoea (67.3%) and 40% died. The median length of stay was 9 days. Children with diarrhoea on admission had two and half times higher odds of mortality than those without diarrhoea [60] . This brings out the challenges faced by resource limited settings where the burden of SAM is high and resources to reduce mortality from SAM are scarce.
The HIV Infected Child with SAM
In a prospective cohort in Tanzania, HIV infected children less than 15 years initiating antiretroviral therapy were examined. Compared with children with weight for age Z score (WAZ) > −1 those with WAZ < −2 to −3 had a nearly double risk of death, and among those with WAZ < −3 the risk more than tripled. Other baseline risk factors were severe anaemia, severe immune suppression, living in the poorest district and opportunistic infections including Tuberculosis [61] . The effect of antiretroviral therapy on nutritional rehabilitation of children with SAM is not well documented. Metabolic complications of antiretroviral therapy include lipodystrophy, dyslipidaemia, lactic acidosis, insulin resistance and osteopenia. These maybe compounded by SAM [62] . Considering immune reconstitution, in the ARROW trial, 3.2% of 1207 African children initiated on antiretroviral therapy were hospitalized for SAM within 12 weeks of treatment initiation. Mortality was 32% in marasmic patients and 20% in kwashiorkor all with CD4 and WAZ scores less than −3 SD [63] . The mechanism of this form of illness is not clear.
The HIV Exposed Uninfected Child
Concern comes from minimizing HIV infection while promoting optimum growth. A safe and effective feeding regimen improves child survival. Cessation of breast feeding has been implicated in increased infant mortality, especially from diarrhoea [64] . Malnutrition in HIV exposed uninfected children can come from infections, food insecurity in HIV affected households and barriers to accessing health. Malnutrition is a risk factor of acquisition of primary TB infection [65] . In addition, tuberculosis results in wasting and poor appetite. In the BAN trial HIV exposed uninfected children had increased morbidity post weaning after 24 weeks namely pneumonia, febrile illness, diarrhoea, growth faltering and malaria. Introduction of prophylactic cotrimoxazole was associated with reduced rates of morbidity and mortality in the BAN trial [12] . In the setting of maternal micronutrient management, supplementation of HIV exposed infants with vitamin B, C and E does not reduce mortality [66] . More research is required in terms of nutrition in anti-retroviral therapy exposed infants.
Conclusion
As we reduce the paediatric HIV burden in resource limited countries with effective PMTCT regimens, it is important to look into method that optimizes growth, neurodevelopment and reduces mortality in HIV exposed uninfected children. Research to determine the important determinants of growth, neurodevelopment and mortality in HEU children from resource poor settings should be prioritized and cost effective interventions applied to improve their health outcomes.
